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Numerous studies have indicated that the activities of 
the polyamine biosynthetic enzymes, ornithine decar-
boxylase (ODC) and S-adenosyl methionine decarboxyl-
ase (SAM.D) are increased in hyperplastic and neoplastic 
growth. The levels of the polyamines themselves, putres-
cine, spermidine, and spermine are also often altered in 
these situations, Epidermal ODe activity is greatly ele-
vated in response to tumor promoting chemicals and 
also in response to irradiation with short-wave length 
and mid-wave length ultraviolet. 
In addition, the levels of the epidermal polyamines 
change after mid-wavelength ultraviolet irradiation, 
leading to elevation of putrescine and spermidine, but 
depression of the spermine level. The spermidine to 
spermine ratio was significantly elevated after chronic 
ultraviolet irradiation. 
Preliminary studies on human skin also shows that 
mid-wavelength ultraviolet light is capable of inducing 
ODe. Different pharmacological agents have been found 
to significantly inhibit the ultraviolet induction of epi-
dermal ODe. Topical corticosteroids and indomethacin 
significantly inhibit ultraviolet induced opidermal ODe. 
In addition, retinoic acid inhibited the ultraviolet induc-
tion of this enzyme in some experimental situations. 
Long-wave length ultraviolet alone produced no sig-
nificant induction of ODe, however, certain phototoxic 
drugs (8-methoxypsoralen and anthracene) in combina-
tion with long-wave length ultraviolet did induce epider-
mal ODe. 
It is possible that further studies of changing epider-
mal polyamine metabolism in response to ultraviolet and 
tumor promoting agents, may lead to a greater under-
standing of cutaneous carcinogenesis. 
Damage to the skin by sunlight is one of the common recur-
rent injuries in humans. The response of the skin and the 
epidermis, in particular, to sunlight has been studied extensively 
and it is well known that exposure to ultraviolet is a major 
etiological factor in epidermal carcinogenesis [1-3]. 
The UV spectrum, a part of the electromagnetic spectrum 
that lies between visible light and x-rays, is divided convention-
ally into 3 major sections: short-wave UV with a wavelength of 
250-290 nm (also known as uve or germicidal light), mid-wave 
or sunburn UV, 290-320 nm (UVB), and long-wave UV, 320-
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400 nm (UVA). It has been shown that th e most carcinogenic 
wavelengths for the induction of experimental epidermal neo-
plasia lie with the UVB r ange [2,3]' 
uve and UVB irradiat ion induces erythema, causes early 
decr eased and latel' increased macromoleculaJ' synthesis and 
mitotic indices, and alters the epidermal mitotic cycle [4). 
However , the molecular basis for UV carcinogenesis is a matter 
of speculation. 
Ornithine decarboxylase (ODe) , which forms putrescine by 
the decarboxylation of ornithine, is the first and probably the 
rate-Limiting enzyme in the biosynthesis of the polyamines 
spermidine and spermine [5,6). The activities of ODe and 
SAM-D and the levels of their biosynthetic products are ele-
vated in various hyperproliferative systems [6]. Furthermore, 
numerous studies indicate that the polyamine biosynthetic 
enzymes are implicated in neoplastic growth [5,7,8]. In this 
context, the work of O'Brien et al [9,10J is noteworthy. Appli-
cation of the tumor-promoting agent 12-0 tetradecanoylphor-
bol-13-acetate to mouse skin leads to a great increase in epider-
mal ODe activity, and this phenotypic change has been sug-
gested to be essential for the skin tumor promotion [9]. 
In view of the potential significance of polyamines in cell 
growth and malignant transformation, we studied the epidermal 
ODe response to UVB and found that a single exposure of 
UBV significantly induced epidermal ODe [11]. We have also 
studied epidermal ODe activity and polyamine profiles in the 
hairless mouse exposed to both a single exposure and multiple 
daily exposures of UVB light, and have correlated epidermal 
histological changes with changing epidermal polyamine pro-
files [12]. 
Different drugs such as steroidal and nonsteroidal anti-in-
flammatory agents [13J, inhibitors of protein or RNA synthesis 
[14] and retinoic acid [15] have been shown to inhibit epidermal 
ODe induction followin g UVB. 
In addition, we have begun to study the effects of different 
UVL sources. uve induces epidermal ODe. UV A alone fails to 
show any ODe induction, but certain phototoxic compounds 
(8-methoxypsoralen and anthracene) have been shown to in-
duce epidermal ODe in the presence of UV A. 
This paper will review, therefore, some of the recent studies 
of epidermal polyamine metabolism in response to ult raviolet 
and the modulation of the epidermal polyamine response to 
UVL by different pharmacologic agents. 
MATERIALS AND METHODS 
Materials 
Female albino hairless mice (SKH/ Hr strain) were purchased from 
the Skin and Cancer Hospi tal, Temple University, Philadelph ia, and 
were used for experimentation at 6 t.o 8 weeks of age. DL-(I-"C) 
Ornithine hydrochloride (specific activity, 49.9 mCi/mmol) , S-adenosyl-
L-carbosyl-("'C) methionine (specific activity, 47.5 Ci/mmol) and 
(methyl-"H) thymidine (specific activity, 47.5 Ci/mmol) were purchased 
from New England Nuclear, Boston, Mass. 
Ultraviolet sources included 4 FS20 Westinghouse sunlamp tube. , 
one 2 x 4 ft 8-tubed flu orescent fixture for Westinghouse FS-40 lamps 
(280 to 380 nm, 313 nm peak) , one 16 x 24 in. 6-tube F24 T 12 BL SL 
UVA unit,. and 1 germicidal UV lamp (254 nm GE 8T5) . . 
UV monitoring equipment from International Light., Inc. included: 
an IL 700 research radiometer, IL 720 photodosimeter, IL500 research 
radiometer, SEE-OlO (UVA-visible) , SEE-240 sensor (UVC-UVB) , an 
NBS254 filter (254 nm narrow band), NBS 313 filter (313 nm narrow 
band) , NBS 365 fil ter (365 nm narrow band , UVA, UVB fil ter (240 nm-
325 nm, peak 287 nm) and UVA ftlter (298 nm-395 nm, peak 357 nm) . 
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A feedback circui t automatic relay/alarm system was constructed to 
terminate exposure at a predetermined dose. UV A outpu t modify ing 
ligh t source ru ter used was Mylar D , 5 mil thickness (Century Plastics, 
Burbank, Ca.) . 
The mice were i.rradiated by placing them in a specifica lly con-
structed wire cage with individual chambers. All mice within each 
experiment, whether irradiated or control, were placed in these cages 
fo r an ident ical time to enSUl"e standardized handling. The mice were 
placed so their backs were at the same levels as the UVL sensors. 
ASSA YS OF ORNITHINE DECARBOXYLASE 
ACTIVITY AND S-ADENOSYL-L-METHIONINE 
DECARBOXYLASE ACTIVITY 
Enzyme ac tivi ty was determined by measuring the release of "C0 2 
from DL-(l-"'C) ornithine as previously described [9,11] with modifi-
cation. 
A 0, 6, 24 , or 48 hr fo llowing s ingle or chronic UVL expOSUl"e, mice 
were sacrificed by cervical dis location and back skin removed. The 
epidermis was separated fro m the de rmis by brief heat treatment in a 
heated water bath (55°C for 30 sec) [11], removed to ice water, placed 
flat on a piece of glass ,and the epidermis removed by scraping with a 
#10 sca lpel. The epidermal scrapings were then placed in ice cold 
buffer (1 ml) and homogenized using a Brinkman polytron at level 6 fo r 
15 sec. The homogenate was then centrifuged at 30,000 x g for 30 min 
at 4°C and the resul t ing clear supernate withdrawn and frozen. At a 
later time, the samples were thawed and assayed and protein content 
determined by the Bio-Rad Protein Assay. A 100 1'1 aliquot of the 
supernate was then withdrawn for each decru'boxylase assay. 17 mm 
X 105 mm Pyrex (#9820) tubes were obtained and 5 mm (OD) X 2 mm 
long s idearm tubes were attached 25 mm below the lip of the tube. A 
#1 I-hold stopper was s lipped over the sideru'm to accommodate the 
mouth of a standard scintillation vial. The main tube opening was filled 
with a # 14 s leeve stopper to close the system. The incubation mixtUl"e 
was prepared as previously described [9) and maintained on ice. 50 1'1 
NCS (Amersham) was placed in each of the scin tillation vials before 
attachment ·to the reac t.ion tube. When a ll reagents had been added 
and the tubes capped, the whole rack of tubes was placed in a preheated 
shaking water bath at 37°C and incubated for 1 hI' at approximately 
100 cycles per minute. The rack was then removed from the water bath, 
cooled in ice water for 5 min and 0.5 cc citri c ac id was injected through 
the top cap past the s idearm in to reaction mixture to hal t the reaction. 
The tubes were then returned to the shaking water ba th and incubation 
a llowed to contin.ue for one more hoUl" . At th is time the scin tillation 
via ls were removed from the s ideru'ms and 10 mI of OCS was added to 
each vial. T he vials were capped and stabilized in th e dark for 60 min 
at 4 ° before coun ting in a scintillation spectrometer. 
T he activity of S-adenosyl-L-methionine decarboxylase from mouse 
epidermal soluble supernatant was determined by measw'ing the 
release of "C02 from S-adenosyl-L-(Carboxyl-' 4C) methionine as re-
ported eru' lier [14). 
The activities of ODC and S-adenosyl-L-methionine decru'boxylase 
were linear up to as 'ay times of 60 min and extract volumes equivalent 
to 0.2 and 0.3 mg prote in, respectively. Routinely, incubation for ODC 
and S-adenosyl-L-methionine decru'boxylase was carried out for either 
30 or 60 min, and assay flasks contained less than 0.2 and 0.3 mg of 
tissue protein, respectively. 
POLY AMINE ASSAYS 
, The polyamine assays were performed by Dr. Diane Russell at the 
Phru'macology Depru·tment of the Univers ity of Arizona, as previously 
described [8]. 
Tissue Preparation 
Tissues were homogenized in 4 vol of cold 10% trichloroacetic acid 
and centrifuged at 50,000 xg for 20 min. The supernate was diluted 1/ 
20 so that polyamine concentrations were close to 220 pmol/20 1'1. 
Standards of 200 pmol/20 1'1 of each a mine were run routinely, and 
trace a mounts of "'C-polyamines were added to assess recovery rates. 
Recovery rates were consistently 100%. 
STATISTICAL ANALYSIS 
Group means of net nM COz/mg protein/ hI' or pmols of polyamines 
were analyzed for statistical significance at confidence level of p = 0.05 
by Student's i-test rela tive to contro l. 
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RESULTS AND DISCUSSION OF STUDIES WITH 
DIFFERENT FORMS OF ULTRAVIOLET, 
MODULATING DRUGS AND THEIR EFFECTS ON 
POLYAMINE METABOLISM 
1. Sunburn Range Ultraviolet (UVB) Induction of 
Epidermal ODC, SAM.D and DNA Synthesis (single 
exposure) 
In view of the potential significance of ODC in growth and 
malignant transformation, changes in the epidermal ODC ac-
tivity following exposure of mice to UVB radiation were inves-
tigated. In these studies, we reported that UVB irradiation 
induced a pronounced increase in epidermal ODC activity that 
preceded enhanced incorporation of tritiated thymidine into 
DNA [11,14]. 
The sources used were fluorescent sunlamps (Westinghouse 
FS 20) producing their major UV emission between 2BO and 320 
. nm with a peak at 313 nm. 
The results of this work may be summarized as follows: 
Time Course of Induction of Epidermal ODC and S-
Adenosyl-L -Methionine Decarboxylase A ctivity after UVB 
Irradiation 
In these experiments hairless mice were irradiated with ap-
proximately 3 minimal erythema dose (MED) equivalents (0 .09 
J / sq cm 2 total UV energy). ODC activity was significantly (p 
< 0.01) increased 2 hr following UVB exposw·e. Maximum 
activity, about 250 to 350-fold , OCC UlTed between 26 and 30 hr, 
and the level of ODC activity declined toward normal at 4B hr 
after UVB treatment. 
Activity of S-adenosyl-L-methionine decarboxylase was in-
creased at 6 hr (302 ± 10 pmol/60 min/ mg protein (SE) as 
compared to 114 ± 12 pmol/60 min/ mg protein in untreated 
control mouse epidermis), and remained elevated even up to 48 
hr (434 ± 6 pmol/60 min/ mg protein) following UVB exposure . 
Dose Dependency 
The increase in epidermal ODC activity by UVB irradiation 
was found to be dose-dependent. Enzyme activity was increased 
at a dose above O.OlB J /cm2• 120-fold increase in ODC activity 
was observed after expo~ure with a O.09-J /sq cm2 dose and an 
increase in ODC activity appears to plateau at a 0.lB-J/cm 2 
dose. In a number of experiments, increases in epidermal ODe 
activity obtained after UVB exposure with a 0.09-J/cm2 dose 
varied from 120 to 400-fold . 
Does Increase in ODC Activity by UVB Exposure Require 
Protein Synthesis? 
The possibility t hat increase in epidermal ODC activity fol-
lowing UVB irradiation may require de novo protein synthesis 
was investigated . In this experiment, groups of mice were ex-
posed to UVB (0.09 J /cm2 UV energy), and mice were killed 
for ODC assay 24 hr after UVB treatment. Mice were given i.p. 
injections of 0.2 of cycloheximide in 0.9% NaCI solution (70 mg/ 
kg body weight) 30 min before sacrifice. Control mice were 
given injections of the same volume of 0.9% NaGI solution. 
Cycloheximide treatment depressed UVB-stimulated ODC ac-
t ivity by 63%. ODC activity was 2.4 ± 0.2 nmol CO2 per 30 min 
per mg protein after 0.9% NaCI solution and 0.9 ± 0.3 of CO2 
per 30 min per mg protein after cycloheximide treatment [14] . 
The in vivo half-life of UVB-induced ODC was determined 
measuring the decline in enzyme activity following cyclohexi-
mide treatment [14]. The half-life of ODC was found to be 
approximately 24 min . 
Does Stimulation of Epidermal ODC Activity by UVB 
Treatment R equire RNA Synthesis? 
To determine the role of RNA synthesis in stimulation of 
ODC activity by UVB radiation of mouse skin, the effect of 5-
azacytidine treatment on the stimulation of epidermal ODC 
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activity by UVB was investigated. 5-Azacytidine, an analog of 
cytidine, is incorporated into RNA and interferes with the 
synthesis of various nucleic acids [16- 19]. It has been shown to 
depress phorbol ester-induced mouse epidermal ODC activity 
[10]. 
Injection i.p. of 5-azacytidine (60 mg/ kg body weight) in % 
NaCl solution 30 min before UVB irradiation suppressed by 
about 84% UVB-induced epidermal ODC activity. In contrast, 
injection of azacytidine 2 or 4 hr before sacrifice of mice was 
less effective [14]. 
Epidermal DNA Synthesis Following UVB Irradiation 
The results showed [11,14] that after irradiation with UVB 
(0.09 J /cm2 ) epidermal DNA synthesis was initially depressed 
and recovered to control levels between 24 and 35 fo llowing 
UVB exposure. DNA synthesis became significantly elevated 
48 hr after UVB and remained elevated 72 ill" following UVB 
irradiation. 
2. Epidermal Polyamine ProfIles after Chronic Ultraviolet 
Light Irradiation 
Ultraviolet of sunburn range is able, as noted, to induce high 
levels of epidermal (ODC) activity aftel' a single UVB exposure 
[11]. Therefore, we investigated epidermal ODC and polyamine 
profIles after single and multiple exposw'es of UVB [12]. Hair-
less mice were irradiated with FS40 Westinghouse sunlamp 
tubes. The mice were sacrificed after 1, 5, 10, or 20 daily 
exposures (0.09 J /cm2 ) 6, 24, or 48 hr after fin al irradiation. 
Epidermal samples were analyzed for ODC, putrescine, sper-
midine, and spermine. Skin biopsies were prepared for micro-
scopic examination. 
Epidermal ODe Induction 
Epidermal ODC activity showed a significant increase by 6 
hr following 1 exposure to UVB and reached a peak at abou t 24 
hr, a 2.9-fold increase from the 6 hr point, falling 66% by 48 hr. 
20 daily exposures greatly increased the magnitude of the 6 Ill" 
time point but activity had fallen to normal levels by 24 hr, 
remaining essentially absent through 48 m. 
ODC activity 6 hr after increasing numbers of ilTadiations 
showed a sharp rise through 5 exposUl"es, with a steadily de-
creasing rate of increase through 20 exposures. 
Induction of Epidermal polyamines 
Single Exposure of UVB: Putrescine (Pu). Pu levels paral-
leled ODC activity (see above) through 48 hr a statistically 
nonsignificant 4.2x increase over existing levels at 6 hr, rising 
to 12.6x at 24 hr a nd retUl"ning toward normal by 48 hr. 
Spermidine (Spd) and Spermine (Sp) . Spd and Sp levels were 
essentially unaltered 6 hr following one UVB exposure, Spd 
falling slightly (10%) and Sp falling significantly (70%) through 
48 hr, resulting in a steadily increasing Spd/ Sp ratio (1.9 to 5.6). 
Multiple E xposures: Putrescine. Pu elevation was more 
marked (19.1X) 6 hr after 5 daily UVB expOSUl"es and remained 
s ignificantly elevated through 20 expoSUl"es. 
Following a t ra nsient 6 hr rise after 20 exposures, Pu levels 
fell sharply (73%) by 24 hr and remained reduced through 48 
hr. 
Spermidine and Spermine. 6 hr fo llowing 5 exposures Spd 
levels had increased significantly (l.4X) and Sp levels had 
d ecreased significantly (60%), both remaining relatively stable 
thru 20 exposures. Thus, the Spd/Sp ratio was increased (2 to 
7.2x) over the 20 exposure period, paralleling the degree of 
epidermal proliferation (see histological changes) over t he same 
period. 
Following 20 exposures ·Spd and Sp levels remained un-
changed through 48 hr, Sp being significantly depressed relative 
to controls over that period. Thus, the Sp ratio remained 
el evated, falling slightly by 48 hr. 
Histological Changes After Chronic UVB 
After a single exposure with 3 MED of UVB (skin biopsies 
taken 6 hr after exposure), the appearance of sunburn cells was 
noted mainly in the midepidermallayer. Normal nonirradiated 
epidermis had between 2- 3 epidermal cell layers (Fig 1) and 
there was no significant epidermal thickening seen at 24 hr. By 
48 hr after UVB exposure epidermal thickness had reached 4-
5 layers and the dermis showed an inflammatory response with 
a mixed polymorphonuclear leukocytic and round cell inftl trate. 
With multiple UVB irradiat ions there was a progressive 
cha nge in epidermal histology. After 5 and 10 exposures there 
was a marked thickening of the epidermis to 5 to 7 cell layers 
and a moderate epidermal hyperplasia. T here were large atyp-
ical epidermal cells with a bnormal nuclear detail and increased 
numbers of mitotic figures. 
After 20 UVB exposures (Fig 2), a marked epidermal thick-
ening remained with many atypical epidermal cells scattered 
throughout the epidermis and extensive epidermal hyperplasia. 
The epidermal thickness had increased to between 7 and 12 cell 
layers. When the biopsies were examined with PAS stain after 
20 exposures some disruption of the epidermal basal lamina 
was seen. 
FIG 1. Normal hairless mouse epidermis showing 2- 3 epidermal cell 
layers, an in te rmi ttent granulal" ce ll layer and obvious basal lamina 
(PAS, reduced from X450). 
FIG 2. High-power view of lower epidermis of a skin biopsy taken 
from a ha u·Jess mouse uTadia ted with 20 daily exposures of UVB. T here 
a re between 7-12 epidermal cell layers on t his section a lone with lal"ger 
than normal epidermal cells, some of which have prominent nucleru' 
material and others of which are vacuolated. The clarity of t he basal 
lamina in some places is reduced. Extensive budding of the epidermis 
can be seen (PAS, reduced from X450). 
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3. Ultraviolet Induces Human Skin Polyamine Biosynthesis 
As we had shown that ultraviolet of sunburn range induced 
epidermal ODC in hairless mice [11] it was considered impor-
tant to investigate the response of human epidermal ODC to 
UV. 
In preliminary investigations, 6 Caucasian volunteers were 
studied [20]. They were inadiated with 2-3 MED of UVL with 
FS40 Westinghouse sunlamp tubes. Epidermal shave biopsies 
were taken 24 hr later from UVL i.rradiated and noninadiated 
skin s ites [21]. 
These samples were homogenized and assayed for ODe 
activity as previously described [11]. UVL inadiated skin 
showed signifi cantly increased ODC activity: 0.19 + .07 nm/ mg 
protein/hr using L_C'" ornithine hydrochloride as substrate. 
Normal skin controls showed no significantly measurable ODC 
activi ty. 
Further studies now being conducted using a Xenon arc sola r 
stimulator also show induction of human skin ODC. Further 
studies are necessary to determine the minimum UVL doses 
that will induce human skin ODC and also the time response of 
ODC induction in human skin following UVB. It is also impor-
tant to measure the degree of ODC induction in human skin by 
different stimuli . 
DISCUSSION OF UVB-INDUCED CHANGES OF 
EPIDERMAL POLYAMINE METABOLISM 
Induction of mouse epidermal ODC activity was observed as 
early as 2 hr following UVB treatment, and t his increased 
enzyme activity occurs much sooner than does subsequent 
increase in DNA synthesis. In fact, there is increased activity of 
ODC while the epidermal DNA synthesis remains depressed. 
S imilar increases in ODC activity predating nucleic acid syn-
t hesis has ·been noted in other cell and tissue systems induced 
to proliferate [8]. The question r emains whether there is any 
causal relationship between the increased ODe activity and 
subsequen t onset of DNA synthesis, or are both responses 
unrelated? 
The molecular basis for the increased ODC activity following 
UVB must remain speculative. The findings that UVB induced 
ODC activity is' depressed by treatment with cycloheximide, an 
inhibitor of protein synthesis, and by 5-azacytidine, an inhibitor 
of nucleic acid synthesis, suggest that increased ODC activi ty 
may require do novo protein and RNA synthesis, but the 
confirmation should wait until actual measurement of immu-
noprecipitable protein. 
The .reasons for the earlier peak of ODC activity following 
mul tiple UVB exposures are unknown. It has been shown in 
other systems, in rat partial hepatectOlny studies, for example, 
that there is a 2 peak response of epidermal ODe activity 
[21]. In another study of partial hepatectomy, RNA synthesis 
increased simultaneously with ODC activity and both reached 
a peak after 6 hr. A later peak in ODC activity occurred at 12 
to 14 hr which coincided with the initial incr eases in DNA 
synthesis [22]. Thus, the suggestion that the early peak of ODC 
induction is a transcriptioJ'lal event not related to DNA synthe-
sis and the later peak a translational event related to increasing 
DNA synthesis has been made. 
Tumor promotors also induce epidermal ODC [9], the time 
, course of induction being similar to that seen following multiple 
UVB exposures,. i. e., returning to normal by 12-24 hr, and it 
has been suggested this is a necessary biochemical event asso-
ciated with tumor promotion. Perhaps, ini t ial UVB exposure 
may act as an initiating, weakly promoting carcinogen and 
subsequent UVB exposures act more as promotors of epidermal 
carcinogenes·is. . 
This pattern is similar to the a lteration in ODC activity seen 
when Rat-l cells are transformed with Rous Sal'coma Virus. 
The maximal activity detected 6 hI' after refeeding is 200% of 
that seen in the nontransformed resu lts in rapid and marked 
accumulations of putrescine [24]. Thus, the alterations in pol-
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yamine biosynthesis and accumulation patterns may indicate a 
preneoplastic condition. 
One possible reason for the more rapid return to normal 
resting levels of ODC after multiple UVB exposures is that of 
feedback control by the accumulating putrescine. After a single 
exposure, putrescine had not reached rugh levels until 24 hr and 
hence this feedback control of new ODC induction may not be 
possible until that time, 
The possible roles for the changing epidermal polyamine 
pattern seen after UVB inadiation in these experiments are 
unknown. It is, however, interesting that the elevated putres-
cine levels significantly increased with 5 UVB exposures and 
then gradually declined with 10 and 20 UVB exposmes. 
The increased spermidine/spermine ratios seen with increas-
ing numbers of exposures and concomitant epidermal prolifer-
ation are of interest. Since in rat hepatomas this ratio is elevated 
in the more actively proliferating tumors. 
The relevance of UVB-induced epidermal polyamine activity 
to UV carcinogenesis is presently not known. Is the increased 
ODe activity seen following multiple UVB radiations a possible 
biochemical marker for a promoting component of UVB similm' 
to chemical tumor promo tors as suggested by Boutwell [26], 
O'Brien [9], and Verma and Boutwell [27]. 
4. Anti-inflammatory Drug Effects on Ultraviolet-Induced 
Epidermal Ornithine D ecarboxylase and DNA Synthesis 
Topical triamcinolone acetonide and indomethacin were 
found to significant ly inhibit the UVB induction of epidermal 
ornithine decarboxylase in hairless mice when applied following 
ultraviolet irradiation . The cor ticosteroid also showed inhibi-
tion of ultTaviolet increased epidermal DNA synthesis. Indo-
methacin failed to show any inhibition of DNA synthesis [13]. 
Triamcinolone acetonide or indomethacin was each dissolved 
in a vehicle containing 30% propylene glycol, 70% isopropy l 
a lcohol, and 50 rnl of drug solution or vehicle applied to dorsal 
skin immediately following UVE Irradiat ion. 
24 hr after a single exposure ofUVB and treatment, the mice 
were killed by cervical dislocation a nd the epidermis from 
individua l mice was separated by brief heat treatment (55 0 for 
30 sec). Epidermal ODC activity was determined as previously 
detailed. The animals were sacrificed after 24 hr because this is 
near to the peak induction time of epidermal ODC activity 
following this amount of UVB [ll]. 
Some animals were injected intraperitoneally with 25 uCi of 
tritiated thymidine. The animals were killed 1 hI' later by 
cervical dislocation and skin specimens obtained for DNA ex-
traction. The mice were sacrificed 48 hI' after UVB because this 
was the t ime of maximum increase in epidermal DNA synthesis 
after this a mount of UVB [11]. 
The hydroxyapati te column extraction of epidermal DNA 
followed the procedme described by Du Vivier et al [28]. The 
epidermis was removed as for the ODC assay, The results of 
epidermal DNA synthesis were expressed as counts per min per 
p.g DNA. 
As summarized in Table I, topical administration of 0.01-1% 
triamcinolone acetonide resul ted in a dose-dependent (p < 
0.005) inhibition of UVB-induced ODC activity. Indomethacin 
(2.5%) was also effective, although to a lesser extent, 
Triamcinolone acetonide (0 .1%) significantly (p < 0,005) in-
hibited UVB induced epidermal DNA synthesis. 2,5% indo-
methacin did not significantly alter the increase in DNA syn-
thesis followin g UVB treatment (Table lI). 
Du Vivier et al described an assay for a nti proliferative drugs 
using principally 254 nm UVC radiation [28]. They found that 
certa in anti-inflammatory corticosteroids, as well as antiproli-
ferative drugs, were active in their model and were able to 
inhibi t post-UV epidermal DNA synthesis. Our results seem to 
parallel these findings using, however, a different som ce (UVB) 
for increasing DNA synthesis. 
The mechanisms of inhibition of UVB-induced epidermal 
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TABLE I. Effects of triamcinolone acetonide (TMC) and indomethacin on UV-B epidermal ODC" 
Mean epide rmal p -va lue 
Experimental group # per % group ODe (nnwl eO,/ 30 inhib to UV-B and min/ mg protein ± SO) vehicle 
UV -B + vehicle 
UV-B + 0.1% TMC 
UV-B + 0.05% TMC 
UV-B + 0.01 % TMC 
UV-B + vehicle 
UV-B + 2.5% indomethacin 
Non UV-B irradiated control 
4 
9 
4 
4 
8 
8 
12 
1.69 ± _36 0 
0.43 ± 19 75 p < 0_005 
0_70 ± _20 58 p < 0_005 
0.97 ±.11 43 p < 0.005 
1.26 ± .44 0 
0.5!.1 ± .2l 53 P < 0.005 
0.046 ± 0.029 
"The mice were treated with the drugs or vehicle immed iate ly fo llowing UV-B exposure (0.08 J / cm' ). The mice were sacrificed 24 hI' later. p-
values obtained using Student's I-test. 
/> From reference 13. 
TABLE II. Effects of triamcinolone acetonide, in.domethacin on UV-B induced DNA synth.esis" 
Experimental b'J'O liP # per 
Mean epidermal % p ~vaill e 
group DNA synthesis inhib to UV-B and (cpm/ ONA) ± SO vehicle 
UV-B + vehicle 5 203 ± 47 0 
UV-B + triamcinolone acetonide 0.1% 5 50 ± 19 75 p < 0.005 
Nonil'l'adiated control 5 87 ± 29 p < 0.005 
UV-B + vehicle 4 417 ± 94 0 
UV-B + indomethacin 2.5% 4 346 ± 97 17 P < 0.2 
Nonirradiated control 4 154 ± 54 p < 0.01 
" Mice were treated with the drugs or vehicle immediately following UV-B exposure (0.08 J / cm'). The mice were sacrificed 48 hr later. p-values 
were obtained using Student's t-test. 
/> From reference 13. 
ODC by a topical steroid must remain speculative. ODC is 
thought to be specifically induced during the late G 1 phase of 
the cell cycle [29]. Interestingly, it has also been shown that 
corticosteroids are able to block epidermal cells during both the 
Gland G2 phases of the cell cycle [30]. The abili ty of the 
corticosteroids to inhibit UVB-induced ODC activity and DNA 
synthesis, therefore, again points to the ability of these drugs to 
act at several different points in the cell cycle. 
Corticosteroids have also been shown to reduce the elevated 
epidermal polyamine biosynthesis in psoriasis [31] and have 
been shown to profoundly depress ODC enzyme activity in 
thymus and other lymphatic tissues [32]. 
There has been a report, however, that anti-inflammatory 
corticosteroids did not inhibit phorbol ester-induced ODC ac-
tivity in the skin of mice [33]. These results, which appear to be 
in conflict with the ability of corticosteroid to inhibit UVB-
induced ODC activi ty, suggest that ultraviolet and phorbol 
esters induce epidermal ODe by different mechanisms. The 
time course of response of induction of epidermal ODC is 
different after TPA phorbol ester induction [10] than after 
UVB induction [11]. We ru'e conducting further time-dose ex-
periments with different corticostel'Oids to exrunine the possi-
bility of time-frame shifts of ODC response, as well as magni-
tude of ODC Induction. Conversely, cort icosteroids greatly 
stimulate ODC and S-adenosyl methionine decarboxylase ac-
tivity in pru-enchymal organs, such as the liver [23]. 
It therefore seems likely that there are different mechanisms 
of action of these drugs on ODC activity following different 
stimuli. 
It is interesting that indomethacin was capable of inhibiting 
UVB induced epidermal ODC 24 hI' after UVB. It has been 
s hown previously that the same concentration of indomethacin 
was able to suppress UVB-induced skin erythema for the 24 hr 
following UVB: however, it had no modulating effect on DNA 
synthesis changes seen during 48 hr fo llowing UVB [35]. Indo-
methacin in our studies fail to show any significant change in 
DNA synthesis following UVB. 
Greaves and Sondergaard fu-st reported prostaglandin-like 
activity in perfusates from human skin that had been irradiated 
with ultraviolet [36]. One pharmacological effect of indometh-
acin is prostaglandin synthetase inhibi tion and studies have 
shown that topical indomethacin at this concentration (2.5%) 
reduces sunburn erythema and prostaglandin E levels in sun-
burned guinea pig skin [37]. It has also been shown that it is 
possible to inhibit TPA-induced epidermal ODC activity by 
treatment with topical indomethacin [38]. There may be, how-
ever, several other possible mechanisms for the apparent epi-
dermal ODC modulation by indomethacin other than pl'Osta-
glandin synthethase inhibition. 
In summru'y, we have investigated the topical effects of 
certain antiinflammatory drugs on UVB-induction of the poly-
amine biosynthetic enzyme ODC_ A corticoste roid and indo-
methacin were able to inhibit UVB-induced activity. It remains 
to be seen whether these assays can be usefully employed as a 
means of evaluating antiproliferat ive, anti- inflammatory and, 
perhaps, photoprotectant properties of different drugs. 
5. Vitamin A Acid Inhibits Ultraviolet- Induced Epidermal 
Ornithine Decal'boxylase 
We were interested in studying the effects of topical retinoic 
acid on ultraviolet-induced polyamine biosynthesis for the fo l-
lowing reaSOns. It has been shown that topical vitamin A acid 
is a potent inhibitor of tetradecanoyl-phorbol 13 acetate (TPA) 
induced ODC activity in mouse epidermis [39] and in related 
studies showed that retinoic acid pretreatment of mouse skin 
prior to exposUJ'e to TPA significantly inhibited the number of 
papillomas and cal'cinomas promoted by TPA. Thus, it seems 
that topical retinoic acid has a significantly inhibitory effect, 
both on the tumor promoting ability of TP A and on its ability 
to induce ODC. T his has led to speculation that modulation of 
tumor promoted ODC may be useful for studying potential 
agents capable of inhibiting experimental carcinogenesis. 
The present controversy over whether topical retinoic acid 
enhances ultraviolet carcinogenesis remains ul1l'esolved. Ur-
bach et ai, have shown that the application of retinoic acid in 
conjunction with ultraviolet light appru-ently enhances the car-
cinogenic a bility of ultraviolet [40]. Epstein, originally showed 
that 0_3% retinoic acid applied to mouse skin in conjunction 
with ultraviolet increased carcinogenicity of the ultraviolet 
[41]. More recently, however, it was found that with other 
concentrations of retinoic acid that there was either no enhance-
ment of UV carcinogenesis or a decreased carcinogenesis [42]. 
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We, therefore, studied the effects of retinoic acid on the 
UVB- induced ODe system in similar concentrations that are 
capable of inhibit ing TP A induced ODe activity. 1.7 to 17 nm 
all trans retinoic acid (RA) was applied in 200 ul of acetone to 
hai.rless mice skin either 1 hI' before or immediately following 
exposure to UVE. 
We found that a single application of RA i.nhibited ODe 
induction when the mice were sacrificed 6 hI' following UVB, 
but not at 24 hr. Five applications, each hour of RA either 
before or following UVB inhibited both 6-hr and 24-tll' ODe 
induction [15]. 
RA alone in t hese experiments failed to induce epidermal 
ODe. 
The abili ty of the retinoids to partially inhibit UVL-induced 
epidermal ODe is of interest. It remains to be seen if a similar 
RA treatment regimen with UVL can be shown to have a 
modulating effect on UVL induced carcinogenesis. 
OTHER UV WAVELENGTHS AND EPIDERMAL ODe 
INDUCTION 
6. uve Induced Epidermal ODe 
We have studied uve effects on epidermal ODe because of 
the effects of UVC on epidermal macromolecular synth esis and 
skin histology [4]. uve is also carcinogenic to the skin [2]. 
In preliminary studies, we irradiated a lbino hairless mice 
with 0.28 J/em2 254 nm UV light from a GE 8T5 germicidal 
lamp. The mice were sacrificed after 6 and 24 hr. The results 
are summarized in Table III. As can be seen, significantly 
increased epidermal ODC activity was observed at 6 and 24 hr, 
returning toward normal by 48 hr. This differs somewhat from 
UVB radiation in that the 6 hr induction is higher with uve 
and the 48 hr increases higher with UVB. It should be noted 
this UVC 'source has a narrow band 254 nm irradiance. It 
remains to be seen how different parts of the UVC spectrum 
affects epidermal polyamines. Interestingly, Lichti, Paaterson, 
and Yuspa [43] reported recently that germicidal light produced 
a 2-peaked in vitro ODe response in cultured mouse epidermal 
cells. Early 4 to 6 hI' and later 14 to 17 hr peaks of induction 
were found. They suggested the early peak was related to 
cellular transcriptional events and the later peak to transla-
t ional events. Retinoic acid in their studies apparently more 
readily inhibited the earlier ODe peak [43] in a similar way to 
our own studies in vivo [1 5]. 
UV A and Phototoxic Drugs 
We have investigated the effects of UVA using UVA f1uores-
cent lamps through mylar filters to remove radiating wave-
lengths less than 320 nm on epidermal ODC. 5, 10, or 30 J /cm 2 
of mylar flltered UV A failed to induce any increased epidermal 
ODe in albino hairless mice at 24 and 48 hr. When 50 ul, 0.1% 
topical 8-meth oxypsoralen (8-MOP) ' was applied 1 ill' before 
irradiation with 5 J /cm2 UVA, there was significant epidermal 
ODC induction at 24, 48, 72 and 96 hr (Lowe, NJ , unpublished 
results). 
Other workers [44] have found similar results using above 3.6 
J/cm~ of UVA after 8-MOP but lower amounts of UVA irradi-
ance after 8-MOP failed to show any ODe induction. 
TABLE III. UVC induces epidermal ODC: 254 nm germicidallighl 
(0.28 J I cm2) with sacrifice of the hairless mice after 6, 24 or 48 hI' 
Time after uve 
at sacrifice 
, n =,5 each group 
6 111' 
24 hl' 
48 hI' 
Ep idermal ODe 
(nmoles e02/ g protein/60 min) 
0.134 ± '0.4 7 
P < 0.01 
0.284 ± .164 
p .< 0.01 
0.032 ± .008 
ns 
Nonirradiated controls (0.02 ± .01) n = 5 
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Also of interest is the time COUTse of induction of epidermal 
ODC following topical anthracene and 3 J Icm 2 UV A. Here, a 
peak induction of ODC is seen between 4 and 6 hr returning 
much more rapidly to normal than the time course seen after 
UVB [ll] or higher dose UV A and 8-MOP. The t ime course 
following anthracene and UV A resembles that seen after appli-
cation of TP A tumor promotor and raises the possibility that 
anthracene plus UV A may have a tumor promoting effect. 
Further studies are needed with other phototoxic drugs and 
UV A to expand these preliminary results. 
CONCLUSIONS 
I have discussed th e various situations where epidermal ODe 
induction is observed following different forms of irradiation 
with UVC or UVB ultraviolet. Inhibitors of protein and RNA 
synthesis, steroidal and nonsteroidal anti-inflammatory agents 
and retinoic acid are able to partially inhibit this enzyme 
induction. Some phototoxic drugs in the presence of UV A , 
induce epidermal ODC but with significantly different time 
courses from that observed with UVC or UVE. 
An interesting study on ODC and SAM.D activity in squa-
mous cell carcinomas showed a marked increase in activity of 
bot h enzymes compared with normal skin and tissue from basal 
cell carcinomas [45]. These changes may reflect the degree of 
malignant transformation of the squamous cell carcinomas but 
also the squamous cell carcinomas were perhaps more likely to 
have been the result of repeated UVL exposures. 
The roles of the polyamines and their biosynthetic enzymes 
in cellular growth regulation and malignant transformation 
remain t he subject of debate and research . The polyamines are 
virtually ubiquitous in growing and mult iplying cells and they 
seem essential for growth in many prokru'yotic cells and stim-
ulate growth in eukru'yotic cells. They are present in ribosom es 
and appear to be involved in important events such as tran-
scription and translation [46]. Cohen also suggests that th e 
polyamines may represent one of many organic cations that 
provide advantages in certain physiological conditions [46]. 
At present, it is suggested that further studies of the UVL-
induced epidermal ODe system may be ut ilized; 
1. To furth er knowledge of the stages of UVL carcinogenesis. 
2. As a model to study modulators or pl'otectants of UVL 
induced epidermal changes. 
3. As a model to study possible antiproliferative and poten-
tially anticru'cinogenic agents. 
4. To study effects of possible cocarcinogens, tumor promo-
tors, photo toxic drugs and UVL. 
5. To study new aspects of UV therapy for different skin 
diseases. 
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